Microsporidia are obligate intracellular protozoan parasites that infect hundreds of invertebrates and verte brates, including fishes (Dall, 1983; Leitch et al., 1993; Keohane et al., 1996; Leiro et al., 1999) . When the spore is properly stimulated, its infectious sporoplasm invades host cells through the extruded polar tube, initi ating infection (Weidner, 1976; Canning and Hollister, 1987; Muller, 1997) . Glugea plecoglossi is one such economically important pathogen of cultured ayu, Plecoglossus altivelis, due to the unsightly appearance of infected fish with whitish Glugea cysts in the internal organs (Takahashi, 1981) .
The detection of microsporidians has been based on traditional methods, such as electron microscopy or light microscopy of histological sections stained by H & E (Weiss and Vossbrinck, 1998) . However, electron microscopy is time-consuming and labor-intensive (Velasquez et al., 1999) , and early stages of micro sporidia are difficult to detect by light microscopy.
Recently, staining with fluorochrome Uvitex 2B has been used successfully in clinical diagnosis of micro sporidiosis in AIDS patients (Degirolami et al., 1995; Franzen et al., 1996; Ignatius et al., 1997) . Although Uvitex 2B has great advantages in sensitivity and speci ficity, it is defective for the detection of early stages with out the chitinous spore wall.
In this study, we aimed to establish an in situ hybrid ization protocol with a DIG-labeled oligonucleotide probe to detect all stages of G. plecoglossi including early developmental stages.
Additionally, because of una vailability of ayu as experimental animals in laboratory conditions due to its high susceptibility to other infectious diseases and handling, we aimed to evaluate the suit ability of rainbow trout Oncorhynchus mykiss as an experimental animal for G. plecoglossi infection. Rainbow trout can be obtained in various sizes all year round, and it is also known to be susceptible to G.
plecoglossi (Takahashi, 1981) . Hence, we predict that rainbow trout may be a good candidate host for use as an experimental model of G. plecoglossi infection. Preparation of oligonucleotide probe for in situ hybridiza tion Three probes specific for G. plecoglossi were selected and designed from sequences of small subunit ribosomal RNA of G. plecoglossi, comparing to other 11 microsporidian sequences (Kamaishi, 1996) to Yokoyama et al. (1996) Results
Experimental infection
All rainbow trout and ayu were infected with G.
plecoglossi (Table 1) . It proved that susceptibility did not differ between the 2 species. However, the location of Glugea cysts and the number of cyst varied among three infection methods.
The cyst formation sites in rainbow trout were similar to those in ayu: the muscle adjacent to the body surface by immersion method, the internal organs in most of the i.p. method, and organs containing pylorus and fatty tissue by intubation method (Table 1 ). The numbers of cysts in rainbow trout were mostly 6-15 in immersion method, 50 < in i.p. method, and 6-50 < in intubation method (Table 2 ).
Detection by in situ hybridization (ISH)
The positive ISH signal was observed as blue purple by alkaline-phosphatase reaction with the sub strate reagent. Figs. 1 and 2 show the results of ISH of positive control. ISH signal was found in the Glugea cyst, while no signal was observed in the fish tissue. In the center of xenomas where mature spores accumu lated, both ISH and Uvitex 2B were positive, while only ISH signal was observed in the periphery where imma ture stages without chitinous spore walls were located.
In the negative control using unlabeled probes, G. plecoglossi was not stained by ISH (data not shown). The results of experiment for the early stages in the intestine are shown in Figs. 3 and 4. Initial stages, putative sporoplasms of G. plecoglossi released from spores, were found intracellularly or intercellularly in the mucosal epithelium and lamina propria. The organisms were positive in ISH, but negative in Uvitex 2B staining. (Antonio et al., 1998; , PKX myxosporean (Morris et al., 1999) , and Loma salmonae (Speare et al., 1998b; Sanchez et al., 1999 influenced by environmental temperature (Awakura, 1974; Olson, 1981; Takahashi and Ogawa, 1997; Speare et al., 1999) . Alternatively, the origin of culture seedlings might be one of the factors limiting disease outbreak. Cultured rainbow trout is maintained artifi cially throughout their life-cycle: hatched fish are usually fed commercial pellet, and thus probably avoiding G. plecoglossi infections.
In contrast, natural seedlings caught in Biwa-lake are generally used for ayu culture. Such fingerlings of ayu may ingest natural food probably containing G. plecoglossi.
Nevertheless, we cannot conclude that rainbow trout is not a natural host because there was a report about an unknown microsporidia from the muscle of rainbow trout (Nagasawa et al., 1987) . Moreover, it was suggested that mode of transmission was different in each of three challenge methods as there were differences in cyst forming sites. Therefore, it is needed to study the infection mechanism after spore germination through three infection routes.
In conclusion, our findings demonstrate the applica tion of the ISH method in detecting not only spore stages but also the very early stages of G. plecoglossi in fish. Using the probe specific to G. plecoglossi in this study, ISH will provide a useful tool for studying of trans mission modes of G. plecoglossi in fish, further, use of rainbow trout as a replacement model will facilitate research on aspects of biology of this pathogen.
